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© A plurality of single-crystalline diamond plates (52) having principal surfaces consisting essentially of {100} 
planes are prepared. The plurality of single-crystalline diamond plates (52) are so arranged that the respective 
principal surfaces are substantially flush with each other. At this time, an angle formed by crystal orientations in 
relation to the principal surfaces between adjacent plates (52) is not more than 5',a clearance between the 
adjacent plates is not more than 30 urn, and difference in height in relation to the principal surfaces is not more 
than 30 um between the adjacent plates. In order to fix such a state, it is possible to join the plurality of diamond 
plates with each other by depositing diamond on these plates . After such joining, the principal surfaces of the 

^" diamond plates are polished in order to eliminate steps. Then, diamond is epitaxially grown on a polished 

^ surfa ce of a la rge diamond plate (53 ) which is formed by the plurality of diamond plates (52) from a vapor 
phase, in this vapor phase, proportions A, B and C obtained from the following equations I, II and ill respectively 

CO satisfy the following conditions: 

* 0.5 ^ A ^ 2.0 

O 0.3 £ B £ 2.0 

JB c ^ 1 .o 
m 

O A = «C]/[H])x 100 % I 
Q. 

LU B = ([C] - [0]/[H]) x 100 % II 
C = ([0]/[H]) x 100 % III 
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where [C], [O] and [H] represent molar numbers of carbon, oxygen and hydrogen atoms respectively. According 
to this method, it is possible to obtain vapor-deposited diamond which exhibits a maximum diameter of at least 
15 mm, transmittance of at least 20 % with respect to ultraviolet light of 250 nm in wavelength, and a peak 
having an angular half-width of not more than 100 seconds in an X-ray rocking curve in a (400) plane or a half- 
width of not more than 2 cm" 1 at 1332 cm" 1 in a Raman scattering spectrum. 

FIG.9C 



52 52 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to vapor-deposited diamond and a method of producing the same, and 

more particularly, it relates to a technique for providing a large diamond single crystal which is applied to a 
semiconductor material, an electronic component, an optical component or the like. 

Description of the Background Art 

10 

Diamond, which has a number of excellent properties such as high hardness, high thermal conductivity, 
high light transmittance and a wide band gap, is widely applied to a material for a tool, an optical 
component, a semiconductor device or an electronic component, and its importance may be further 
increased in the future. 

75 Single crystals of natural diamond include that called a type lla diamond single crystal which transmits 

ultraviolet light of up to 230 nm and that called a type la diamond single crystal which hardly transmits 
ultraviolet light. In either case, it is extremely difficult to obtain a natural single crystal of at least 10 mm in 
diameter. Although single-crystalline diamond which is close to 20 mm in diameter is rarely naturally 
produced, such diamond is too high-priced for an industrial use. Natural type lla diamond has a large 

20 amount of crystal defects and distortion. Such natural lla diamond is regarded as being unsuitable to a 
substrate for a semiconductor device, since the same has an angular half-width of at least 500 seconds in 
an X-ray rocking curve and a half-width of at least 2 cm" 1 in a spectrum of Raman scattered light observed 
at around 1332 cm" 1 . On the other hand, type la diamond is not applicable to an optical material for 
ultraviolet light, since the same transmits no ultraviolet light of not more than 300 nm. 

25 While naturally produced diamond has been applied to an industrial use in the past, artificially 
synthesized diamond is mainly applied to such an industrial use at present. A diamond single crystal is 
industrially synthesized under a pressure of at least tens of 1000 atoms for stabilizing the same, at present. 
A superhigh pressure vessel for generating such a pressure is so high-priced that its content volume is hard 
to increase and diamond cannot be supplied at a low cost. In such a high-pressure method, therefore, 

30 synthesis of a large single crystal is limited. Further, diamond which is produced by the high-pressure 
method is easily converted to a crystal called a type lb diamond crystal, which contains nitrogen as an 
impurity. The type lb diamond is relatively large, while the same transmits absolutely no light of not more 
than 400 nm in wavelength. Thus, it has been impossible to artificially synthesize a diamond single crystal 
of at least 10 mm in diameter, which transmits ultraviolet light of around 250 nm. 

35 On the other hand, vapor deposition can be listed as a method of synthesizing diamond, which has 

been established with the high-pressure method. It is possible to artificially produce diamond which has a 
relatively large area of several to 10 cm, while such diamond is generally in the form of a polycrystalline 
film. When a diamond film is formed by vapor deposition, a substrate is generally previously scratched with 
diamond grains. It is understood that an effect of promoting growth of a diamond film by scratching is 

40 attained due to fine particles of diamond which are left on the substrate to serve as seed crystals for 
growing diamond (S. lijima, Y. Aikawa and K. Baba, Appl. Phys. Lett. 57 (1990), 2646). The diamond 
particles which are left on the substrate after scratching are directed to various orientations, and hence 
diamond grown from the particles, serving as seed crystals, forms a polycrystalline film. However, it is 
necessary to apply single-crystalline diamond to an ultraprecise tool, an optical component or a semicon- 

45 ductor device, which requires a smooth surface. 

To this end, study has been made on a method of epitaxially growing single-crystalline diamond by 
vapor deposition. In general, epitaxial growth is classified into homoepitaxial growth of growing a target 
material on the same type of a substrate, and heteroepitaxial growth of growing a target material on 
different types of substrates. A single-crystalline substrate of a relatively large area can be easily obtained 

50 for the heteroepitaxial growth. At present, however, heteroepitaxial growth of diamond tends to cause a 
defect or distortion in the crystal, and is unsuitable to a method of obtaining a large-area diamond single 
crystal which is applied to an optical component or a semiconductor substrate. Therefore, it is still important 
to study homoepitaxial growth in order to produce a large-area diamond single crystal. 

In relation to such homoepitaxial growth of diamond, various devices have been made in order to obtain 

55 large single crystals. Geis et al. have reported a method of arranging diamond particles of several 10 to 100 
urn which may be applied to abrasive grains on a selectively etched Si substrate for growing diamond 
having a strong specific crystal orientation on this substrate (M. W. Geis, H. I. Smith, A. Argoitia, J. Angus, 
G. H. M. Ma, J. T. Glass, J. Butler, C. J. Robinson and R. Pryor, Appl. Phys. Lett., Vol. 58 (1991), p. 2485). 

3 
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m„ •» 7^?qr MQqn and U S Patent No. 5,127,983 corresponding 
Japanese Patent Laying-Open No. 3-75298 (19S 11) and Ob. mm e 

thereto disclose a method of arranging a plural.* ^^^^^1- P«»We to obtain a large 

Sm^^^ 

onCCrysta, orientations of and ^^T^lTZt^^ U. S. Patent, it is 
in order to obtain a diamond single crystal of at 5 mm " *™ a ^ js 

important to maintain homoepitaxia. growth up to a ^^J^^^J!^ (hereinafter 
remarkably effective for epitaxially growing a large diamond I single cry*al P subs trates is 

referred to as abnormally grown particles). ^ e ^ ^^^b^Z grown particles are 



larger single-crystalline diamond 
SUMMARY OF THE INVENTION 



An object o. the present invention is to provide a diamond ^^Z^eT^^T' 

■^-ssr.: '^rrKr-si* * ^ by ^ as . 

P-e. invention is dire^tc SS 
which is formed by a plurality of »*^«^ Se^alS* diamond having a surface 

carbon and hydrogen. According to th.s method. ^^'^SS Samond is cut substantially in 
consisting substantially of a {100} plane .s prepay ed ? ^"^^^ surfaces 
parallel with the {100} plane, to obtam « > P'"^ ff . JT^IS oTSSJU* crystal planes. Then, 
substantially of {100} planes and s.de surfaces ^^^3 into contact with each 
the side surfaces consisting substanfally o 'd'omorph^ crystal planes ^ 9 substantially 

s <*r*- surfaces of the 

"plates. Diamond is epitaxially grown on »e is em ployed. In 

One of important features of the present invention resides in that an °'° mo p y available as an 
general, a crystal which is enc.osed with six {100} "J 1 ^^siTcSt substan- 

rdiomorphic diamond crystal. According to the present inventoo n su ^ a ™*\^ 8 ible to obtain 
tially in'parallel with the {100} planes, to P«P«^Pj«^^ the as- 

diamond plates having regular crystal ^J£™*^E S^SELpMc -* surfaces, it is 

m P^to^^ diamond 

not more than 10' with the {100} piane are Prepare* Theptajjg other . In this step, the 

so arranged that the respective principal surfaces are flusn wit orientations in 

45 p.urality of single-crystalline diamond plates ^^^^^SL a clearance between the 
relation to the principal surfaces .s not more Jhan 5 ^en adjacem P at ^ ^ ^ 

adjacent plates is not more than 30 urn and ^^^T^oTsvrZXrZ,^ growth, which is 
more than 30 urn between the adjacent plates. Thus obtaned ■ _a larger surface from a 

formed by a plurality of principal surf urn. ^^J^XZ^ZZ vapor phase having proportions 

* z "'■ — the f0,,owin9 conditions: 



25 



30 



35 



50 



55 



0.5 < A £ 2.0 
0.3 ^ 2.0 
1.0 

A = ([C]/[H])x100% I 
B = ([C] - [OJ/[H]) x 100 % 
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C = ([0]/[H])x 100% II! 

where [C], [O] and [H] represent molar numbers of carbon, oxygen and hydrogen atoms respectively. 
5 According to this preferred aspect, an improved feature resides in that a plurality of single-crystalline 

diamond plates are so arranged and fixed that difference in height in relation to the principal surfaces is not 
more than 30 um between adjacent plates. While no importance of such difference in height was 
recognized in the U. S. Patent, the inventors have found that the difference in height between the substrates 
is as important as the clearances therebetween, as the result of deep study. 

70 In an initial stage of epitaxial growth, abnormal growth tends to occur rather in side surfaces of a 
diamond substrate than its principal surface. It has been conceived that this is because there is a high 
possibility that optimum growth conditions are brought on the principal surface while those out of the 
optimum conditions are brought on side surfaces. When diamond plates deviate in height from each other, 
therefore, there is a high possibility that a non-epitaxially grown particle 4 is formed from an exposed side 

F5 surface 3 as shown in Fig. 2. When diamond plates are regularized in height, on the other hand, it is 
possible to suppress non-epitaxial growth which is caused by regions having different growth conditions 
exposed in a vapor phase. Thus, it is possible to reduce a probability of abnormal growth generated in a 
boundary region between diamond plates. 

In order to maintain flush arrangement, the plurality of diamond plates are fixed. To this end, a plate 

20 having a flat surface is prepared and the plurality of single-crystalline diamond plates are so arranged on 
this plate that the principal surfaces thereof are in contact with the surface of this plate. Then, the same 
material is deposited on the as-arranged plurality of diamond plates, to bond the diamond plates with each 
other. When the as-bonded diamond plates are separated from the flat plate, it is possible to obtain a 
surface for crystal growth, which is formed by the principal surfaces having been in contact with the plate. 

25 Thus, it is possible to obtain a flat surface for crystal growth by arranging and fixing diamond plates on and 
to the flat plate. At this time, the surface roughness of the plate for receiving the diamond plates can be 
rendered not more than 0.1 in Rmax, while the principal surfaces of the diamond plates are preferably not 
more than 0.5 in Rmax. Diamond can be preferably employed as a material for bonding the plurality of 
diamond plates with each other. It is optimum to deposit diamond in order to eliminate difference between a 

30 jointing material and the diamond plates as to properties such as thermal expansion coefficients. The 
diamond is deposited on the overall plates as arranged by vapor deposition. Consequently, the plurality of 
plates are joined with each other by the as-deposited diamond. After the diamond plates are joined with 
each other, the principal surfaces thereof may be polished, so that the principal surfaces can be further 
flush with each other to obtain a flatter surface for crystal growth. 

35 Another aspect of the present invention is directed to a novel diamond single crystal which is produced 
by the aforementioned method. This diamond single crystal has a maximum diameter of at least 15 mm 
and transmittance of at least 20 % as to ultraviolet light of 250 nm in wavelength. The diamond single 
crystal is characterized in that an angular half-width of an X-ray rocking curve in a (400) plane is not more 
than 100 seconds, or that a half-width of scattered light is not more than 2 cm" 1 at a shift value 1332 cm** 1 

40 from excited light in a Raman scattering spectrum. 

Throughout the specification, Miller indices are indicated along convention. A specific crystal plane is 
expressed in (hkl). While there are some planes which are equivalent to that expressed in (hkl) depending 
on symmetry of a crystal, such planes are expressed in {hkl} in summary. Further, a specific crystal 
orientation is expressed in [hkl], and orientations equivalent thereto are expressed in <hkl> in summary. 

45 The foregoing and other objects, features, aspects and advantages of the present invention will become 
more apparent from the following detailed description of the present invention when taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Fig. 1 is a model diagram for illustrating abnormal growth which tends to occur in a boundary region 
between diamond plates; 

Fig. 2 typically shows diamond plates which are not flush wish each other; 

Fig. 3 is a perspective view for illustrating a method of measuring dispersion of (100) planes in a normal 
55 direction through X-ray diffraction as to an array of a plurality of diamond plates; 

Fig. 4 is a sectional view for illustrating dispersion in a normal direction with respect to (100) planes of 
diamond plates; 

Fig. 5 is a plan view for illustrating arrangement of diamond plates; 

5 
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Fig 6A is a sectional view showing diamond plates which are arranged on a flat plate Fig 6B is a 
sectional view showing a prescribed material deposited on the diamond plates for joining I the pluramy _of 
diamond plates as arranged, and Fig. 6C is a sectional view showing the as-joined diamond plates 
separated from the flat plate; 

Rq 7A is a perspective view showing a {100} type diamond plate; 

Fig. 7B is a perspective view showing {100} type diamond plates, which are so arranged that s.de 
surfaces thereof are in contact with each other; 

Ra 8A is a perspective view showing an exemplary idiomorph.c diamond crystal, Fig. 8B is a 
perspective view showing a diamond plate which is obtained by cutting the crystal shown in Fig. 8A . and 
Fig. 8C is a perspective view showing arrangement of a plurality of diamond plates which are obtained 
by cutting the crystal shown in Fig. 8A; 

F.o 9A is a perspective view showing another exemplary idiomorph.c d.amond crystal, Fig. 9B is a 
perspective view showing a diamond plate which is obtained by cutting the crystal shown in Fig. 9A and 
Fig. 9C is a perspective view showing arrangement of a plurality of diamond plates wh.ch are obtained 

by cutting the crystal shown in Fig. 9A; ^„„« !ti „„. 
Fiq 10 is a perspective view showing two diamond plates which are arranged for vapor deposition. 
Fiq 1 1 is a perspective view showing nine diamond plates which are arranged for vapor deposition; 
Fins 12A to 12D are sectional views showing steps of epitaxially growing large diamond on d.amond 
plates which are joined with each other, illustrating the diamond plates which are arranged on a 
substrate, those which are joined with each other, those which are separated from the substrate, and 
diamond which is epitaxially grown on the as-joined diamond plates respectively; 
Fig. 13 is a sectional view showing alternately deposited states of doped and undoped d.amond layers, 
Fia 14 is a sectional view showing arrangement of 25 diamond plates; 

Fias 15A to 15C show an exemplary process for producing large diamond using diamond plates which 
are obtained by cutting an idiomorphic crystal, and Fig. 15A is a perspective vie * f 
idiomorphic crystal. Rg. 15B is a plan view showing a diamond plate obtained by cuttmg the crystal and 
Rg 15C is a perspective view showing two diamond plates which are brought ,nto contact with each 

other along idiomorphic planes; ... j.„ m ^«H 

Fias 16A to 16D are perspective views showing another exemplary process for producing large d.amond 
using diamond plates which are obtained by cutting an idiomorphic crystal, illustrating an idiomorphic 
Ssil. a diamond plate obtained by cutting the crystal, two diamond plates which are brought '"to 
contact with each other along idiomorphic planes, and diamond obtained by vapor deposition respec- 

Rns y: i7A to 17C are perspective views showing still another exemplary process for producing large 
diamond using diamond plates which are obtained by cutting an idiomorphic crystal . »«»0 an 
Isomorphic crystal, a diamond plate obtained by cutting the crystal, and a substrate wh.ch is formed by 
nine diamond plates respectively. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, it is possible to deposit diamond from a vapor phase by thermal 
fi.amen?CVD plasma CVD, a plasma jet method, a combustion flame method or laser CVa A raw rnatena. 
qas is preferably prepared from a gas of hydrocarbon diluted with hydrogen, such as methane. Further a 
compound containing oxygen atoms such as water, carbon monoxide, carbon dioxide or hydrogen peroxide 
may Taddtd to the raw material gas. In addition, an inert gas such as argon, helium or neor .ma y be 
added to the raw material gas. When the raw material gas contains no oxygen, the P ro P° rt, °"^°^"f h d 
the above equation . is within a range of 0.5 to 2.0. If the proportion A ,s smaller than OA Jj«*- 
diamond is unpractically retarded. If the proportion A exceeds 2.0. on the other hand, rt .s drfficultto obtain 
diamond having exceHent crystallinitv on an array of a plurality of diamond plates. When the raw matena. 
gi contains oxygen atoms the proportion B obtained in the above equation II is wrthm « . range o to 
2 0 Further, the proportion C obtained in the equation III is not more than 1 .0. If the proporton B is smaller 
to 0 3 growth of diamond is unpractically regarded. If the proportion B exceeds 2.0 on the other hand * 
rdifficult to obtain diamond having excellent crysta.linity on an array of a p.ura.rty of *"^P^"» 
when the proportion C exceeds 1.0. it is difficult to obtain diamond having excellent crystallinity. When the 
raw material gas contains impurity components other than carbon, hydrogen, oxygen, fluorine and an inert 
element. partLlar.y nitrogen (N). this easily leads to non-epitaxial growth. Thereto re. concentra.on of the 
impurity components with respect to overall elements contained in the gas is preferably not more » than 500 
p.p m., excepting a dopant which may be positively employed for bringing vapor-deposited d.amond into a 
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semiconductor state. 

For the purpose of vapor deposition, single-crystalline diamond plates can be maintained preferably at 
temperatures of about 1000 to 1400-C, more preferably about 1050 to 1250 °C. Due to vapor deposition in 
such a high temperature range, it is possible to effectively suppress formation of polycrystalline diamond. 

5 The diamond plates for epitaxial growth are preferably regular in quality. Therefore, artificial diamond 

single crystals which are synthesized under high pressures are preferably employed for the diamond plates. 
Alternatively, the diamond plates may be prepared from natural single-crystalline diamond or diamond 
which is epitaxially grown by vapor deposition. 

The principal surface of each diamond plate consists essentially of a {100} plane or a plane which 

70 forms an angle of not more than 10°, preferably not more than 3', with the {100} plane. The principal 
surfaces are preferably so polished that surface roughness thereof is not more than 0.5 in Rmax. Edges and 
corners of the diamond plates are effectively chamfered with widths of not more than 20 urn, to be 
protected against chipping. The diamond plates are provided in shapes which are suitable for filling up a 
plane of a square, a rectangle, a triangle or a hexagon. A required number of such diamond plates are 

75 tightly arranged and fixed to each other. 

In arrangement of the diamond plates, it is possible to confirm whether or not an angle formed by 
crystal orientations of adjacent plates is within 5 ° , preferably within 3 ■ t through X-ray diffraction or electron 
beam diffraction by a method shown in Fig. 3, for example. Referring to Fig. 3, positions of an X-ray 
generator 11 and an X-ray detector 12 are fixed while a sample holder 15 is so translated or swingingly 

20 rotated that a (400) diffracted beam 14 of an X-ray 16 enters the X-ray detector 12. <100> directions of the 
substrates coincide with a direction of a straight line MN appearing in Fig. 3. Symbol M denotes a point of 
incidence of the X-ray 16 upon a (100) plane, and symbol 01 denotes an angle which is formed by the X- 
ray 16, the (400) diffracted beam 14 and the (100) plane. Symbols Hi and H 2 denote points on the X-ray 16 
and the (400) . diffracted beam 14, which are equally separated from the point M of incidence. Symbol N 

25 denotes an intersection between perpendicular lines drawn from the points Hi and H 2 on a plane which is 
defined by the X-ray 16 and the diffracted beam 14. Since the X-ray generator 1 1 and the X-ray detector 12 
are fixed, it is possible to detect dispersion in the <100> orientations of the substrates by measuring the 
swingingly rotational angle of the sample holder 15. Accuracy of this measuring method is about 0.1. 

When a plurality of substrates are arranged, an angle formed by crystal orientations of adjacent 

30 substrates is not more than 5°C, and a clearance between the adjacent substrates is not more than 30 urn, 
more preferably not more than 15 um. Referring to Fig. 4, a boundary is observed in an integrated portion 
of adjacent growth layers 21 and 21* when an angle a formed by crystal orientations of adjacent substrates 
20 and 20\ i.e., normal directions of crystal planes, is within 5°, while no such grain boundary is observed 
in upper portions of the growth layers 21 and 21 \ Substantially homogeneous single-crystalline diamond 

35 layers are grown in such upper portions. If the angle a is in excess of 5° , however, a grain boundary tends 
to remain, leading to occurrence of a defect. Referring to Fig. 5, on the other hand, an angle £ which is 
formed by crystal orientations parallel to principal surfaces of adjacent substrates 25 and 25' is preferably 
not more than 5° either. If the angle /S is in excess of 5', a crystal defect is easily caused in a boundary 
between the substrates 25 and 25\ A clearance 5 between the substrates 25 and 25* is not more than 30 

40 um, and more preferably not more than 15 um. If the clearance 5 exceeds 30 um, a crystal defect easily 
takes place in the boundary between the substrates 25 and 25' when large-area diamond is to be grown. 

According to this method, it is possible to confirm that the angle a is not more than 5°, preferably not 
more than 3° by the aforementioned measuring method. Referring to Fig. 6A, it is possible to arrange 
diamond plates 30 having pairs of parallel principal surfaces on a flat substrate 31 and to perform the 

45 aforementioned measurement on single principal surfaces. If deviation exceeding 5* is recognized, the 
corresponding one of the plates 30 is rotated in a direction for reducing the deviation or replaced by 
another plate until the deviation is not more than 5*. When the deviation is suppressed to not more than 
5°, more preferably not more than 3°, a binder is deposited as shown in Fig. 6B, to join the diamond 
plates 30 with each other. As hereinabove described, a diamond layer 32 is preferably deposited from a 

so vapor phase. Then, the as-joined diamond plates 30' are separated from the substrate 31, so that it is 
possible to obtain a surface 30'a for epitaxial growth, which is formed by the other principal surfaces having 
been in contact with the substrate 31 (Fig. 6C). Alternatively, it is possible to reduce deviation exceeding 5° 
by polishing principal surfaces having been in contact with the flat substrate 31 after the plurality of 
diamond plates are joined with each other. In this case, the aforementioned measurement may be 

55 performed after the principal surfaces of the joined diamond plates are polished. Thus, a flatter surface for 
epitaxial growth is prepared. 

According to the present invention, difference in height between principal surfaces of the diamond 
plates is not more than 30 um, more preferably not more than 10 um. If the difference is in excess of 30 

7 
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urn, a probability of occurrence of abnormal growth is increased as descnbed above. J"e djamond plates 
L arrange^ 

furt^erfre'nT^r^ each other. Thelu^iteloT^eceiving the diamond plates .s not more than 0.1 in 
?^^^^S^^^e. The principal surfaces of the diamond plates are not more than 
ot" Rm~ as to surface roughness either, for example. The principal surfaces which are arranged I on a flat 
substrate can be flush with each other. Then, the diamond plates are fixed. For the ^fixation 
deposit diamond on the diamond plates from a vapor phase, as hereinabove descnbed. Thed .amond plates 
^ l^^j ^ each other a re separated f rom the subst rate^ be subjected to synthesis Osmond 
Sg^lanie7^e7At this timers most effective to polish the surfaces for crystal growth so that the 
same are flush with each other. Due to such polishing, a flatter surface for crystal growth .s obtained The 
XTe 1 I height between the principal surfaces of the diamond plates is measured by an atomic force 

miC r:XJaTg e 3l a { 100 } plane at a temperature of about 1000 to 1400; C. it is possible to more 
effectived suppress generation of twin crystals and secondary nuclei than epitaxial growth on , ano her 
crystal plane. For a reason similar to this, side surfaces of the diamond plates preferably consist essenfial y 
oK 00} planes, so that no crystals of abnormal orientations are generated from the side . surfaces toward 
°he principal surfaces. When the principal surface of each diamond plate is formed by a {100} plane sde 
iurfSes enclosing the principal surface can be prepared from {100} ^^,^^2^13 
principal surface (see Fig. 7A). In this case, it is possible to arrange a plural.ty of diamond plates so that the 
<iiri<=> surfaces of HOO") planes are in contact with each other (see Fig. 7B). 

S Th Zr^V Oi diamond plates are preferably prepared from an idiomorphic ^^^kE^T 
-isomorphic diamond crystal" indicates a crysta. of diamond which is freely grown with no hindrance by 
externa, conditions into a crystalline form completely enclosed by specf.c crystal P^*?^** 
symmetry of its crystal structure. Such an idiomorphic diamond crystal can be prepared from either natu a 
dLmond°o° artificial diamond synthesized under high pressure. In general, an isomorphic ^^.^ 
can take a polyhedral structure (called a hexa-oxtahedron) consisting of six (100) planes and eight ( 11 ) 
olanes as shown in Fig. 8A or 9A. for example. When a crystal 41 shown in F.g. 8A is employed t s 
P osib. to prepare a diamond plate 42 in a shape shown in Fig. 8B by cutting the, crysta. 
fn parallel with a (100) plane 41a. In this diamond plate 42, a principal surface cons.sts essentially d a 
VtoZlteiour side surfaces enclosing the principal surface consists essentially o '^^ h '^ 11 > 
crystal planes. When such cutting is further performed, it is possible to prepare a p uralrty of _d.amond 
tZtes having principal surfaces of (100) planes and side surfaces of idiomorphic crystal P'^Then, one 
o So such diamond plates 42 and 42' is inverted as shown in Fig. 8C, for example, so that the diamond 
p ates 42 and 42' are'in contact with each other along single idiomorphic crysta. planes thereof The two 
35 6 amend plates 42 and 42' are bonded to each other in the aforementioned manner. Thus, a wider substrate 
43 ^ obtained so that a surface for crystal growth is formed by a (100) plane. When a crystal 51 shown m 
Rg OATemployed, on the other hand, a plurality of diamond plates are obtained by cutting the crystal 51 
sLtentllfy in parallel with (100) planes similarly to the above^F.g. 9B sh ows one of «j as^btained 
diamond plates 52. In this diamond plate 52, a principal surface 52a consists essentially o (1 00) plane 
«, while four principal side surfaces 52b enclosing the principal surface 52a also cons s , J*™**" f<* 
Amorphic (100) planes. Other diamond plates 52 obtained by cutting the crystal 5 1 asc hav sde 
surfaces of (100) planes. Then, the diamond plates 52 are brought into contact with each other along the 
idiomorphic side surfaces and fixed to each other, thereby obtaining a wider substrate 53^ 
Tan idiomorphic diamond crystal, deviation in crystal plane orientation is hardly observed £hou*a 
.5 small amount of microdefects are present. Therefore, it is possible to prepare diamond plates havng 
regular crystal plane orientations by cutting an idiomorphic crystal, as hereinabove descnbed. Further rt is 
ooss ble to extremely suppress deviation in crystal orientation between such diamond plates by bringing he 
S^pSStSJLt with each other along idiomorphic side surfaces. Such contact .the 
Tdfomorphic side surfaces is effective tor suppressing deviation in crystal onentation in a surface for 

50 ePit ^ccoS°nTto the present invention, a substrate surface for crystal growth can be etched in a depth of at 
.east Tnm more preferab.y at least 10 nm. in advance of deposition of diamond. The substrate surface can 
be etched by pTasma which is mainly composed of hydrogen. A gas for forming such p.asma ,s prepared 
from a mixed gas containing 99 % of hydrogen and 1 % of oxygen, for examp.e. The e ch.ng step can be 

55 carried out in a microwave p.asma CVD apparatus for synthesizing diamond, to remove flaws and dust from 
the substrate surface for forming a clean surface. . 

According to the present invention, further, it is possible to deposit diamond while doping the same with 
a dopant such as boron, nitrogen or phosphorus. Such a dopant is adapted to control electrical or optica. 
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properties of the diamond. After doped semiconductor diamond is deposited on the substrate, it is possible 
to deposit undoped insulator diamond thereon. When electric discharge machining is carried out along the 
doped diamond layer in this case, it is possible to selectively extract the undoped diamond. When 
deposition with doping and that with no doping is repeated, it is possible to obtain a plurality of undoped 

5 diamond films having prescribed thicknesses by electric discharge machining. 

According to the aforementioned process, it is possible to form large single-crystalline diamond of high 
quality on a substrate which is formed by an array of a plurality of diamond plates. There still remains a 
possibility that grain boundaries having small inclinations are present in the as-obtained crystal due to slight 
deviation in crystal orientation between the diamond plates. When processing for reducing the probability of 

io abnormal growth is carried out as hereinabove described, however, it is possible to suppress scattering of 
light and occurrence of a large amount of defects caused by such grain boundaries. According to the 
inventive process, novel vapor-deposited diamond having the following features is obtained: 

(i) The maximum diameter is at least 15 nm. 

(ii) Transmittance for ultraviolet light of 250 nm in wavelength is at least 20 %. 

75 (iii) An angular half-width of an X-ray rocking curve in a (400) plane is not more than 100 seconds, or a 
half-width of a peak at 1332 cm" 1 in a Raman scattering spectrum is not more than 2 cm" 1 . 

Example 1 

20 Study of Growth Temperature and Growth Plane 

Conditions as to a growth temperature and a growth plane were studied as follows: 
Diamond single crystals for forming substrates were prepared by slicing a natural type Ma diamond 
crystal and polishing the same. Six, six and six substrates were prepared to have principal surfaces of 

25 {111}. {100} and {110} orientations were prepared respectively. In each of the {100} substrates, every 
side surface was at an angle of within 3* from the {100} plane. All substrates were 4 mm by 4 mm in size 
and 2.0 mm in thickness. It was confirmed by X-ray diffraction that every substrate had deviation of not 
more than 2 • in plane orientation from each index plane. All edges of these substrates were chamfered to 
expose the {100} planes in widths of 50 to 200 urn. Two substrates were employed for each type of 

30 principal surface to carry out vapor deposition at three types of substrate temperatures of 850 • C, 1 1 50 ° C 
and 1450°C respectively. In every case, microwave plasma CVD was employed with a gas containing 89.5 
% of hydrogen (H 2 ) and 1.5 % of methane (ChU) and a total gas flow rate of 300 seem. Only nitrogen was 
detected as an impurity contained in such a raw material gas, at a rate of 5 to 20 p. p.m. with respect to the 
overall gas. Diamond was intermittently grown four times, with growth times of 50 hours each, i.e., 200 

35 hours in total. The surface of each substrate was cleaned with hydrogen plasma for 3 hours in advance of 
the first growth. Table 1 shows thicknesses of the as-grown films. 

Table 1 



Plane/Temperature 


850 "C 


1150«C 


1450- C 


{111} 


400um 


490um 


20um 


{100} 


220um 


210nm 


10u,m 


{110} 


650um 


720um 


80um 



Then, growth end surfaces were polished and full widths at half maximums of diamond signals (1332 
cm" 1 ) were obtained by high resolution Raman spectrometry. Table 2 shows the results. As to the {111} 
and {110} substrates, the results at the substrate temperatures of 1450*C were regarded substantially as 
50 being measured values in relation to the substrates since epitaxial layers of about 10 to 20 urn were lost in 
polishing. As to the epitaxial films, therefore, the film epitaxially grown on the {100} substrate at 1150° C 
exhibited the sharpest peak and conceived as having the most excellent crystal! inity. 

55 
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Table 2 



10 



15 



20 



Plane/Temperature 


850 °C 


1150'C 


1450* C 


{111} 


4.6 


4.9 


(1.6) 


{100} 


2.2 


1.8 


(1-7) 


{110} 


3.7 


3.5 


3.0 



As to the samples grown at 850' and 1150'C respectively further upper portions of 200 um of the 
epitaxial layers were extracted. These portions were extracted by slicing as to 1 ^ {1 00} and {110} 
substrates and by etching from the substrates with laser beams converged from the substrate sides as to 
Z S substrates. Substrate-side surfaces of the as-extracted portions were respectively polished to 
obtofn six doubiolished diamond films of 180 um in thickness. It was impossible to carry out such 
p^cess^ on the 'samples grown at 1460-0. due to insufficient thicknesses of the epitaxial* grow i^ms 
^visual observation, it seemed that transparent diamond was attained entirely over two { 110 > e Pf*' a ' 
LTand the {100}' epitaxial films grown at 1150'C. while black spots were part,, y observe the 
remaining substrates. Further, numbers of cracks were observed on the {110} and {111} epitaxial vmm. 
?ab™hows linear transmittance values lor visible light of 250 nm in wavelength. The epitaxial film wh,ch 
was grown on the {1 00} substrate at 1 1 50 • C exhibited the maximum value. 

Table 3 
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Plane/Temperature 


850 e C 


1150'C 


1450 *C 


{111} 


35 % 


35 % 




{100} 


50% 


65 % 




{110} 


40% 


50 % 





Three type .b diamond single-crystalline {100} substrates of 1 cm by m cm by 2 mm were 
artificial high-pressure synthesis. It was confirmed by reflective electron diffraction that a dev ation angle of 
eacJ surfS for growth was within 0.5- from the {100} plane. Side surfaces of *^ ub ^f * ^1* 
anales oV within 3- from the {100} planes. As to each of two samples among the three diamond substrates 
diamond dopeS with 1000 p.p\m. of boron (B) was epitaxia.ly grown on a single side by microwave i plasma 
CvS°n a thtokn^ss of 2 um As to all three substrates, on the other hand, transverse holes of 0.3 mm in 
Smete and 1 mm n depth were formed on the side surfaces with point-converged laser beams, and 
a le chrome thTmocouples were inserted in these holes to measure temperatures m film formation 
rZs were ep t^a ly grown on the three substrates by thermal filament CVD, with filaments of tantalum 
55 of7?mmt d Leter. Six filaments were provided at intervals of 3 mm on each sample, at a filament 
temperature oT 980 - C and distances of 6 mm between the filaments and the substrate 
Tofhvdroaen and 1 % of methane were introduced into an apparatus under 70 Torr to heat the filaments, 
^rZ 7e subStL temperatures reached constant levels of 950 -C after 30 minutes. The substrate 
S g film doped with B was energized and heated to 1050'C or 1150'C. The 

hours in these states, and thereafter the surfaces were observed. Samples having h.gher substrate 
temperatures exhibited smaller numbers of abnormal depth. 

Study of Substrate Surface Height 

Two {100} single-crystalline diamond plates of 6.0 mm by 4.0 mm by 300 ut 25 ^im in size were 
prepaid by working and polishing type lb high-pressure synthesized diamond. ^ ^amond plates 
were arranged as shown in F.g. 10, so that diamond was grown thereon by m.crowave plasma CVD. A raw 
^g^was Spared from a mixed gas containing 98 * of hydrogen and 2 % -J^JJ^ 
A = 10) At this time, diamond was grown under conditions of a pressure of 100 Torr and a p ate 
temperature of 900 -Oln such a system, the space between the two plates and difference ^,n height 
bXeen the plate surfaces were varied to carry out experiments. A deviation angle between crystal planes 
of the two plates was not more than about 3 • . Table 4 shows the results. 
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Table 4 



Experiment 
No. 


Deviation Angle (°) 


Space (urn) 


Difference in 
Height (urn) 


State of Crystal as 
Obtained 


1 


1.0 


10 


20 


X 


2 


2.5 


25 


10 


X 


3 


0.5 


40 


10 


Y ! 


! 4 


1.0 


10 


35 


Z 


5 


1.0 


35 


40 


Z j 


X: no polycrystal in the boundary between the plates 
Y: slight polycrystal in the boundary 

Z: some polycrystals in the boundary \ 



Production of Large Diamond 

20 

18 {100} single-crystalline diamond plates of 4.0 mm by 4.0 mm by 300 ± 20 urn in size were 
prepared by working and polishing type lb high-pressure synthesized diamond. Then, a pair of 3 by 3 
arra^sof nine diamond plates as shown in Fig. 11 were prepared. In each array, diamond plates 60 were 
^angea^on a flat substrate 61 of Si, as shown in Fig. 12A. Then, a diamond layer 62 was deposited from a 

25 vapoTphase in a thickness of about 100 urn, as shown in Fig. 12B. Thus, the nine diamond plates were 
bonded with each otherJn .each array. The diamond layer 62 was deposited by microwave plasma CVD with 
a mixed gas containing 3 % of methane and 97 % of hydrogen under conditions of a pressure of 100 Torr 
and a plate temperature of 950 °C. Then, the as-bonded diamond plates 60 were separated from the 
substrate 61 as shown in Fig. 12C, to grow a large diamond plate 63 on surfaces 60a which had been in 

30 contact with the substrate 61. In one of the as-obtained two large diamond plates 63, the surfaces 60a 
having been in contact with the substrate 61 were mechanically polished. Then, back surfaces were 
mechanically polished and the large diamond plate 63 was thereafter treated with chromic acid. The other 
large diamond plate 63 was subjected to vapor-phase growth as such, through no polishing step. In the 
polished sample, steps between adjacent ones of the diamond plates 60 were not more than 0.1 urn. In the 

35 unpolished sample, on the other hand, steps of 40 urn at the maximum were recognized. In each sample, a 
clearance between adjacent diamond plates 60 was not more than 20 urn, and a deviation angle of crystal 
orientations was not more than 3.0*. Referring to Fig. 12D, diamond 64 was epitaxially grown on the large 
diamond plate 63 along a plasma jet method in a thickness of 1000 urn. A gas as introduced consisted of 1 
slm of argon, 2 slm of hydrogen, 20 seem of methane and 6 seem of carbon dioxide. This diamond plate 63 

40 was maintained at a temperature of 1050°C. A growth end surface was mirror-polished, whereafter the 
diamond plate 63 was removed by polishing, to separate the vapor-deposited diamond 64. Transparent 
diamond was obtained on those of the plates 60 which were polished to be flush with each other, with 
transmittance of at least 68 % with respect to light of 350 nm as a whole. It was possible to regard this 
diamond substantially as a large single crystal of high quality. When diamond was deposited on the 

45 unpolished plate, on the other hand, black spots resulting from abnormal growth were recognized in 
boundaries between the diamond plates 60. In the as-obtained diamond, transmittance for light of 350 nm 
was not more than 5 % in the lowest part. Thus, it has been clarified that levelling by polishing is important 
in order to produce large diamond. 

so Example 2 

Nine {100} single-crystalline diamond plates of 4.0 mm by 4.0 mm by 300 ± 20 u,m in size were 
prepared by working and polishing type lb high-pressure synthesized diamond. These plates were arranged 
and bonded with each other similarly to Example 1, to prepare a substrate surface having no steps by 
55 polishing. Semiconductor single-crystalline diamond doped with boron was deposited on the as-prepared 
substrate surface in a thickness of 300 urn, whereafter an undoped insulator diamond single crystal was 
grown thereon in a thickness of 700 urn. Such a series of process was repeated three times, to form a 
multilayer structure shown in Fig. 13. Referring to Fig. 13, doped diamond layers 71 and undoped diamond 
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layers 72 are alternately deposited on a substrate 70. In the series of process diamond was grown by 
mLowave plasma CVD. A raw materia, gas was prepared from « mixed gas of 

Concentration of methane was 2 %. and a proportion A was 1.0. For the P^^^^J^ 
diborane with respect to methane was added to the raw matena. gas. The ^^^Tj^ 
maintained at 1000'C. After the growth, portions of diamond honzontally projecting fron ^ ™ 
were removed by laser beam machining. The mu.ti.ayer structure was cut a.ong the layers 71 doped I w th B 
by electric discharge machining. After polishing of the as-cut surfaces, .t was P° ss ' b1e rii ^ a, "^ e . e s 
transparent undopea diamond crystals of 12 mm by 12 mm by 700 . urn. Jhese .three « ^ 
entirely exhibited transmittance values of at least 65 % with respect to l.ght of 350 nm. The substrate 70 
separated from the as-deposited diamond was re-usable for producing large diamond. 

Example 3 

As shown in F.q 14, 25 {100} single-crystalline diamond plates of 4.0 mm by 4.0 mm by 300 ±20 urn 
in si^ wera^on a flat plate of Si in the form of a 5 by 5 array Clearances ^g^fg- 
olates were suppressed within 15 urn. Diamond was grown on such an array of d.amond plates by 
mSw^SmTcva-A riw rnaterial gas was prepared from a hydrogen-methane m.xed gas having 
mShane concentration of 3 % (proportion A = 1.5). The microwave plasma CVD was earned out under 
c?nd"ons of a pressure of 100 Torr and a substrate temperature of 950'C for 100 hours. The diamond was 
deposit on the diamond plates in a thickness of 200 urn, whereby the 25 diamond plates were joined wrth 
eacTotter to provide a large substrate. Both principal surfaces of the large substrate were mechan.cally 
writer the substrate was washed with dichromic acid. Deviation angles ™EL*£ 
orientations between the 25 diamond plates forming the large substrate examined by X-ray ^ctonwre 
? 5- at the maximum. Further, steps between the diamond plates were 0.1 

semiconductor diamond single crystal doped with boron was grown on a surface ^ *e*«^ ub ^ 
opposite to that provided with the joined diamond layers. A raw matenal gas was Prepared from a 
hy5n?gen-methane mixed gas having methane concentration of 2 % (proportion A = 1.0). w,th add-on of 
X p m- of cliborane. The substrate temperature was maintained at 1000'C, to grow the d.amond doped 
wKh £mn to a thickness of 300 urn under a pressure of 120 Torr for 150 hours. Then, undoped diamond 
was eoitaxially grown with a raw material gas containing hydrogen mixed wrth 2 % of methane and 0.3 /o of 
hTo (proportion B = 0.85, proportion C = 0.15). The undoped diamond of high punty was grown to a 
SckneTof 700 urn under conditions of a pressure of 120 Torr and a substrate temperature , o 1100 -C. 
The orocess of depositing a doped layer and a high-purity undoped layer was repeated three times. The 
aXosited aS £ cut along the doped .ayers by eiectric discharge ^^^^^^^ 
purity diamond single crystals. Both surfaces of these single crystals were >n^l^d«ri the eafter 
outer edae portions of inferior quality were removed by laser beam machin.ng, to obtain colorless 
Sli^cJ^s^cry^ whfch were about 20 mm square and 500 to 600 urn in th.ckness. The 
^obtaned Zone, single crystals had maximum diameters of about 27 mm. Optica, ^mittonc^ues 
of these crystals were measured in relation to visible and u.trav.olet reg.ons, to find that ^violet 
absorption edges were 225 nm along the overall surfaces, and transmittance values at 250 nrn were 45 /<> 
TZ minimum. Three pairs were se.ected from the as-obtained three crystals and subjected to 
measurement of double crystal X-ray rocking curves of (400) planes wrth X-rays ^^"JTJ^ 
th P rockino curves were 43 seconds, 40 seconds and 41 seconds respectively. A half-width of a Raman 
^Sng sp^mm sn^ng to and appearing at a position of 1332 cm- from excited light wh,ch was 
Sed from^n argon ion laser of 514.5 nm in wavelength was 1.7 cm- upon measurement with a 

SPe t*^n°Z 7 ™*X^Zur* diamond single crystals, three type .a nature, diamond single 
crysSs four tpe .b pressure synthetic diamond single crystals and two type Ma high-pressure 
sSsized diamond single crystals were examined in comparison with the aforement,oned three d.amond 
S s Z 5 showsThe results. In such comparison, light transmittance values were measured by 

Zor-SS ng light incident/outgoing surfaces, .n measurement of doub.e crystal X-ray rocking c«rves, the 
Sme htah-pressure synthesized type lb diamond single crystals were employed as primary crystals. It was 
^ved from the resorts of the measurement that the inventive diamond is large d.amond of h.gh qua.rty, 
which has been impossible to attain. Terms appearing in Table 5 indicate the following values: 
Diameter: maximum diametral length (mm) 

Thickness: optical path length (mm) of diamond in measurement of light transmittance 
Absorption Edge: transmittance threshold wavelength (nm) in visible region to ultraviolet region 
Transmittance: transmittance at 250 nm (72 % at the maximum due to refractive .ndex of d.amond) 
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X-Ray Half-Width: angular half-width (sec.) of X-ray rocking curve measured in the above method 
Raman Half-Width: half-width (sec.) of scattering peak around 1332 cm -1 measured in the aforemen- 
tioned method 
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Example 4 

5 A hexa-octahedral diamond crystal 74 was prepared by high-pressure synthesis as shown in Fig. 15A, 

and sliced in parallel with a square plane appearing in the crystal, to obtain a plate 75 in a shape shown in 
Fig. 15B. A plane orientation of a major surface of this plate 75 exhibited deviation of within 0.05° from a 
{100} plane. Four such plates were obtained by similar slicing. Both surfaces of the plates were mirror- 
polished, and two of the four plates were inverted and brought into contact with the remaining non-inverted 

to plates, to form two pairs of such plates 75 and 75* as shown in Fig. 15C. Diamond was grown by microwave 
plasma CVD. 

In such growth of diamond, one of the two pairs of plates 75 and 75' was subjected to etching of a 
surface layer by 1 urn by plasma of a mixed gas containing 99 % of hydrogen and 1 % of oxygen in a 
microwave plasma CVD apparatus for 10 hours. Following this etching, the diamond was grown under the 



is following conditions: 

Methane: 3 % 

Hydrogen: 71 % 

Oxygen: 1 % 

Argon: 25 % 

20 Substrate Temperature: 900 ° C 

Growth Time: 100 hours 



The other pair was subjected to growth of diamond through no etching process. Consequently, diamond 
of 80 um was grown to provide integral diamond of two diamond crystals in each case. Deviation in 
orientation of the diamond forming the substrate was within 0.05° in each case. However, while concentra- 
25 tion of abnormal growth recognized on the surface was 0.5/mm 2 in the etched sample, while that in the 
unetched sample was 3/mm 2 . 

Example 5 

30 A hexa-octahedral type lb diamond single crystal 81 was prepared as shown in Fig. 16A by high- 
pressure synthesis. This diamond single crystal 81 was sliced in parallel with a (100) plane 81a serving as a 
growth surface, to obtain a diamond crystal plate 82 of 100 urn in thickness, as shown in Fig. 16B. It was 
confirmed by X-ray diffraction that deviation between a plane orientation of the as-cut surface of the 
diamond crystal plate 82 and a (100) plane was within 0.05*. 

35 Two such diamond crystal plates 82 and 82' were prepared with mirror-polished (100) planes 81a and 
cut surfaces, and one of such diamond crystal plates 82 and 82' was inverted to be in contact with the other 
one along (111) planes as shown in Fig. 16C, thereby forming a substrate 83 for vapor deposition. 

A raw material gas was supplied by well-known microwave plasma CVD so that methane, hydrogen, 
oxygen and argon were 3 %, 71 %, 1% and 25 % respectively, thereby growing a diamond thin film on the 

40 substrate 83 under conditions of a gas pressure of 80 Torr and a substrate temperature of 900 • C for 500 
hours. 

After growth of the diamond, the substrate 83 was extracted to confirm that a diamond thin film of about 
500 urn in thickness was integrally grown thereon. 

Deviation between plane orientations of the two diamond crystal plates 82 and 82' was examined by a 
45 measuring method employing electron beam diffraction, to find that the deviation was suppressed to a level 
within 0.05 ■ . 

A growth surface of the integrated diamond thin film was mirror-polished and the substrate portion was 
removed by polishing to obtain an integral diamond single body 84 of 450 urn in thickness as shown in Fig. 
16D. In visual observation, no strong reflection was recognized on a junction part of the diamond thin film 
so which was grown on the two diamond crystal plates in particular. 

A sample surface of the diamond single body 84 was polished and observed with an STM (scanning 
tunnel electron microscope), to confirm that neither polycrystalline components nor amorphous components 
were present in a junction part of the as-grown diamond layer, although grain boundaries having small 
inclinations were provided. 

55 
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shown to ng. 1 7A. The diamond angle orySal 85 was *»J » P sh()>m ( „ Rg . 17B . , „as 

sir^sr s? Son'tn r P L — - »» — — - - 

diamond eryalal plate 86 and a (100) plan, was ; «*," °' 1 . ^ (100) plaMS 85a and cut surtaees, 

^I^^^T- eXZ^TooTp^ - «L - - "O. to «. a — 

-TL gnaw* o, «. diamond, * soba„a,e 37 was .0 ooo.m, M a diamond «n 5,m o, aOou, 

,0t»pm in .hi^eoewaa integrally gmwn on ^^J^, crysla , 86 «aa axaminad b, a 

maa^rioTZS 25^-5^ - « « - *~ - — " 
"rjSHS:- « inlawed diamond «. «m - t^TSZttZ 
=non' rrra 35 diamond «n r„m ^ op ,Pa 

nine diamond crystal plates in particular observed with an STM, to confirm that 

A sample surface of the diamond ^^^S^^ P resent in 3 iUnCti ° n ^ ° f *" 
neither polycrystalline components nor amorphous i ^^^^ io ^ vl9teptaMBd . 
grown diamond layer, atthough grain boundar^^^ P | ^ „ provided The 

According to the present .nvention. a J^T* s characteristics suitable as a substrate for an 
diamond obtained according to the jesent «Jjn*onl as character ^ r . g fc 

optical or semiconductor device, '^^.^ Sale crystal according to the present invent.cn can 
obtain a doped diamond single crysta . The d amend smgte cry ^ ^ , a 

5.^Sa^»^ ffSSLK a semiconductor materia,, an epic, matenal. or 
- -ntion has - f ™ ^ 

s x^^ss s^ 35 £ " he terms of * e appended c,aims - 

ms 

A melhod ot growing ««. - • • -J - J S!£2^.25£3S? 

^Tp^^™^^. •«! o. 9 «. si. as, having a -ao. 

aaid {100} piaoa. .hereby owning '*^^S££%l*i substantially o, tdicmot- 
surfaces consisting substantially of {100} planes 

£2 *Z* »«0 rrn'ro^SSi^oTsatd vap„ p^aa. 
a step of epitaxially growing diamond on sa^gO^iL.-. 

A method ,n aoco,dar«e wm, e,*m 1. ***** «^S£TJt'. 

75, 82, 86) ar. ao lix.d in aaid bnng.ng step that. ^Jj M 5 - , a olaaranoa batwaan 
aald ptlnoipal sudaees ^*.^"'^""™ n X "nd Serenoe in height in ratodon to aaid 
35S SLTS STilS arLran^n, s*d diamood p,e»s, 
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said diamond being epitaxially grown from a vapor phase having proportions A, B and C, being 
obtained from the following equations I, II and III respectively, satisfying the following conditions: 
0.5 £ A £ 2.0 
0.3 ^ B £ 2.0 
5 C S 1 .0 

A = ([C]/[H])x 100 % I 

B = ([C] - [0]/[H])x 100 % II 

C = ([0]/[H])x 100 % III 

where [C], [O] and [H] represent molar numbers of carbon, oxygen and hydrogen atoms respectively. 

is 3. A method of epitaxially growing diamond on a surface being formed by a plurality of single-crystalline 
diamond plates from a vapor phase containing at least carbon and hydrogen, said method comprising: 
(a) a step of preparing a plurality of single-crystalline diamond plates (60) having principal surfaces 
consisting substantially of a {100} plane or a plane which forms an angle of not more than 10° with 
the {100} plane; 

20 (b) a step of arranging said plurality of single-crystalline diamond plates (60) so that the respective 

principal surfaces are substantially flush with each other, thereby obtaining a larger surface for 
crystal growth being formed by said principal surfaces; and 

(c) a step of epitaxially growing diamond (64) on said larger surface from said vapor phase, 
said plurality of single-crystalline diamond plates (60) being so fixed that an angle formed by 
25 crystal orientations in relation to said principal surfaces between adjacent said diamond plates is not 
more than 5°, a clearance between adjacent said diamond plates is not more than 30 urn, and 
difference in height in relation to said principal surfaces is not more than 30 urn between adjacent said 
diamond plates, 

said diamond being epitaxially grown from the vapor phase having proportions A, B and C, being 
30 obtained from the following equations I, II and III respectively, satisfying the following conditions: 
0.5 £ A £ 2.0 
0.3 £ B ^ 2.0 
C < 1.0 

35 A = ([C]/[H]) x 100 % I 

B = ([C] - [0]/[H]) x 100 % II 
C = ([0]/[H]) x 100 % III 

40 

where [C], [O] and [H] represent molar numbers of carbon, oxygen and hydrogen atoms respectively. 

4. A method in accordance with claim 3, wherein said larger surface is maintained at a temperature within 
a range of about 1000 to 1400°C in said step (c). 

45 

5. A method in accordance with claim 3, wherein said step (b) further comprises a step of etching said 
principal surfaces of arranged said diamond plates in depths of at least 1 nm. 

6. A method in accordance with claim 5, wherein said etching step is carried out with plasma being mainly 
so composed of hydrogen. 

7. A method in accordance with claim 3, wherein said principal surfaces consist substantially of a plane of 
which inclination with the {100} plane is not more than 3' . 

55 8. A method in accordance with claim 3, wherein said step (b) further comprises: 
a step of preparing a plate (31, 61) having a flat surface, 

a step of arranging said plurality of single-crystalline diamond plates (30, 60) on said plate (31, 61) 
so that said principal surfaces are in contact with said surface of said plate (31, 61), 
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a step C depodnp .he san,e MM (3a. •» - »»•-"" P ' U,a "' > " , " 
diamond pla.es (30. 60) .hereoy bonding me aanna *Hh eaC ' *^ ^ 60) from said 

pj rXlC^S^ «- - - P-Pa. — 

having been in contact with said plate. 

A method in accordance with c.aim 8, wherein diamond is deposited from a vapor phase as said 
material (32, 62) for bonding. 

A n,e,nod ,n ecco-denca * — • - ^^^^XT^JXT^ 
of bonded said single-crystalline d.amond plates (30, 60) tor odbi g 

growth. 

beam diffraction, 
phic crystal planes, and 

said step (b)furtehr comprises: ronsistina substa ntially of idiomorphic crystal planes into 

SpSive »ld p*cipal surfaces an. aubCannally Bush «th oaC Che,. 
,4. a mOoO In accordance .» Cain, .3, »he,e,n aa» idlomorpnic cyCC planes .omnlng aaid aide 
35 surfaces are {100} planes. 

« A .nemod in accondance wim Cain, ,3. ..herein said isomorphic cyC planea .orming sCd side 
surfaces are {111} planes. 

. * A me«d in accedence «. Cain, 3. — said diamond <7„ Is deposed «. addKion o, an 
impurity in said step (c). 

„ A me«d In accordance Cain, 3. ..heroin said cop ,c, comprisos a cop o, eoocosCvel, 

. ' rrxtiT-sss^ » — ^ out "° n9 88,0 

doped diamond (71). 
18. vapor-deposited diamond comprising the following characteristics: 

0) a maximum diameter of at leas t « ™* 25Q nm jn wavelen gth; and 

50 not ^"sSonds in an X-ray rocKing cu.e in a (400) plane. 

19 Vapor-deposited diamond comprising the following characteristics: 

(lii-) a half-width of scattered light of not more than 2 cm at a sn.n 
excited light in a Raman scattering spectrum. 
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